Introduction
A naemia, or low concentration of haemoglobin, is a worldwide public health issue 1 due to multiple causes. Some of them are preventable, such as nutritional deficiencies including iron deficiency (ID). Anaemia can occur at any stage of life but is more frequent in pregnant women and children, due to their physiological vulnerability. In children, anaemia impairs cognitive, mental and psychomotor development. 2 It affects child growth, damages the immune system and alters metabolism. In Europe and France, the 2008 prevalence anaemia for children aged 6 months to 4 years was 21.7% and 8.3%, respectively. 1 In industrialized countries, disadvantaged population groups are more likely to suffer from anaemia: in 2002, in California, the prevalence of anaemia was 11, 1% in 12-36-month-old children from low-income families 3 and 19% in homeless children under 3 years of age in New York in 2004. 4 Alongside, diet quality is known to follow a socioeconomic gradient, 5 and food insecurity is associated with poorer nutritional quality of diet. 6, 7 Indeed, there is some evidence that household or child food insecurity result in suboptimal nutrient intake and increase the risk of iron deficiency anaemia in young, low-income children. 8, 9 In 2016, low-income infants living in low-food-secure households in Massachusetts were 42% more likely to develop anaemia at age 18 months than their food-secure counterparts. 10 In France, about 30 000 children were living in homeless families in 2012. 11 Studies from the 'Observatoire du Samusocial de Paris' have shown a large increase of homeless families in the Paris region since 1999. 12 Despite this growing number of homeless families, little is known regarding their living conditions and associated health problems, including anaemia, especially for children. To fill this gap, the 'Homeless children and families' survey ('Enfants et familles sans logement', ENFAMS) was carried out in 2013. 13 Given the alarming prevalence of food insecurity and anaemia in this population, we aimed to investigate the association between both food insecurity and dietary intake to moderate-to-severe anaemia in homeless sheltered children.
Methods

Study design and participants
The ENFAMS survey, based on a three-stage random sampling design, had been described previously. 13 The sample included 801 homeless families sheltered in emergency centres, long-term rehabilitation centres, social hostels and centres for asylum seekers in the Paris region. Eligibility criteria stipulated that families had to comprise at least one parent and at least one child less than 13 years, speak one of the 17 languages considered in the survey, and be able to provide informed consent for study participation. Participation rate was 79%.
The interviews took place in the interviewee's bedroom or in a private room provided by the accommodation service. The study protocol was approved by the national authority for the protection of personal data collected on individuals (CNIL, n DR-2013-147) and by two Ethics Committees (CPP, Ref 2012 02 06, 22/08/2012,  and CCTIRS, n 12.471, 17/09/2012).
Measurements
After obtaining consent, two face-to-face questionnaires were administered to one parent: the first focused on socio-demographic and socioeconomic characteristics, living conditions, health and use of healthcare at the parent and household levels; the second concerned the selected child's health and behaviours according to the age bracket (0-5 or 6-12 years old). At a subsequent appointment, nurses performed anthropometric measures, and made an immediate measurement of haemoglobin concentration (Hb) from a capillary blood sample with a portable haemoglobinometer (HemoCue Õ Hb201 + System, Ä ngelholm, Sweden), as recommended by the WHO for population surveys determining the prevalence of anaemia. [14] [15] [16] Stable, durable and convenient to use, this method provides instantaneous results. It is especially suitable for surveying homeless families who are more likely to undergo frequent moves. 17 According to the Hb results, families were provided with information and dietary advice, and when needed, were referred to social services or healthcare and emergency services.
Anaemia definition
The following haemoglobin cut-off points were chosen according to the WHO guidelines: 18 for anaemia, <11.0 g/dl for children from 0.5-4 years of age, <11.5 g/dl for children from 5 to 11 years of age and <12.0 g/dl for children of 12 years of age or older; for mild anaemia, 10.0-10.9, 11.0-11.4 and 11.0-11.9 g/dl, respectively; for moderate anaemia, 7.0-9.9, 8.0-10.9 and 8.0-10.9 g/dl; and for severe anaemia, <7.0, 8.0 and 8.0 g/dl. Because of lack of consensus regarding cut-offs for anaemia among children less than 6 months old, these children were excluded from the analyses. 19, 20 For mothers, the cut-off 12.0 g/dl was used to define anaemia (11.0 g/dl if pregnant). 18 The degree of anaemia was defined as: 11.0-11.9 g/dl for mild anaemia, 8.0 -10.9 g/dl for moderate anaemia, and less than 8.0 g/dl for severe anaemia (10.0 -10.9 g/dl, 7.0 -9.9 g/dl, and less than 7.0 g/dl, respectively, for pregnant women).
As a substantial proportion of children was anaemic, using the variable 'anaemia' (i.e. covering all degrees of anaemia) would not have been discriminant enough to identify associated factors. Accordingly, we chose to use 'moderate-to-severe anaemia' (MSA) as outcome in this analysis. 21 
Dietary data
Breastfeeding duration (in months) was recorded in children aged 5 years only. Breastfeeding was defined as the consumption of breast-milk along with other sources of milk (e.g. formula), foods or drinks (if any). If a child was still being breastfed at the time of the survey, breastfeeding duration was censored to the age of the child at that moment.
In children aged 6-12 years, dietary intake information was collected using a 15-item semi-quantitative food frequency questionnaire (FFQ). In order to prevent the FFQ from being too burdensome given the long (3 hours) and sometimes sensitive (e.g. questions on living food deprivation) interview, the 15 food items covered only part of the child's diet, focussing mainly on core food groups (i.e. fruit and vegetables, dairies, starchy foods, animal products). For each food group, four possible responses ranging from 'Every day' to 'Never' were converted into weekly frequencies ('Every day' was coded as 7 per week, 'Several times per week' was replaced by a uniform random number in the interval [2] [3] [4] [5] [6] , 'Less often' by a uniform random number in the interval [0. and 'Never' was coded as 0).
Food insecurity
Food insecurity was measured by the Household Food Security Scale Measure (HFSSM), 22 screening by a preliminary item (similar to the 'food sufficiency question'). 23 The HFSSM questionnaire includes 10 adult and 8 child-referenced questions. Two scores equalling the total number of affirmative responses to the questions were calculated at household and child levels. The household score was divided into four categories defined by the usual thresholds: food security (score: 0-2), food insecurity without hunger (3-7), food insecurity with moderate hunger (8) (9) (10) (11) (12) and food insecurity with severe hunger (13-18) . 24, 25 The child score was divided into three categories defined by the following thresholds: food security (<2), low food security (2-4), very low food security (>4). 26 
Other variables
Socio-demographic factors included child's sex, age and birth place; mother's age, birth place and highest educational certificate obtained. The variable 'mother's birth place' was categorised into: sickle cell disease-endemic countries in Africa and Asia, other African countries, Commonwealth of Independent States (i.e. former Soviet countries), Europe and America. Living conditions included mother's difficulty speaking French (evaluated using the set of questions: 'In your daily life, do you have difficulty understanding French? speaking in French?'). Time living in France, duration of homelessness, residence status (i.e. legally resident in France or not), health cover, employment, monthly income (taking household composition into account (E/Consumption Unit) 27 ), type of accommodation, and whether there were cooking facilities in the bedroom. Health: Anthropometric measures were collected by nurses. Child's weight was measured using a calibrated SECA balance scale and child's length or height by a sliding foot scale or a wall-mounted stadiometer respectively, depending on age. Body Mass Index (BMI) was calculated using the formula BMI = weight(kg)/height(m) 2 , and child's BMI categorised into four groups: underweight, normal, overweight, obese, according to the IOTF definition. 28 
Statistical analysis
Dietary patterns were established for children aged 6-12 years using Principal Component Analysis (PCA) of the 15 standardised dietary variables. The number of components (or patterns) was selected considering eigenvalues > 1.0, the scree plot and their interpretability. 29, 30 To interpret the results and provide a label to a given pattern, we considered the items most strongly related to that component, i.e. those for which the absolute value of the loading coefficient was >0.25. The PCA scores for the dietary pattern selected were calculated at the individual level by summing the observed standardised frequencies of consumption per food group, weighted according to the PCA loadings.
Descriptive analyses were performed to estimate the prevalence of MSA. The association between MSA and each factor studied was then assessed adjusted for sex and age. Variables associated with MSA (P < 0.25) were included in a multivariate regression.
Fractional polynomials were used to deal with continuous variables. 31 Poisson regressions were used to determine the factors independently associated with MSA and to estimate prevalence ratios. 32 Analyses were stratified by age (0.5-5 and 6-12 years). Few variables known as risk factors for anaemia were forced into the multivariate models: child's age and sex, mother's birth place, breastfeeding duration in children aged 0.5-5 years and dietary pattern scores in children aged 6-12 years. These analyses took the sampling design into account. 33 All analyses were performed with Stata 12 Õ (StataCorp, Texas, USA). The significance level was set at 5%.
Results
Population characteristics
Hb concentration was measured in 673 children of 6 months of age and older and 716 mothers and the questionnaires were completed for 630 mother/child dyads (435 children aged 0.5-5 years and 195 children aged 6-12 years) (table 1). Mother/child dyads without complete measures and father/child dyads were excluded. 
Dietary intake in children
Most of the children aged 0.5-5 years (89.0%) were being or had been breastfed. Of all the children in this age group 61.3% were fed with breastmilk for 6 months or more. In children aged 6-12 years, we retained the first component derived using PCA, which accounted for 17.8% of the explained variance (Supplementary  table S1 ). This dietary pattern was positively correlated with intake of fresh fruit, fruit juices, meat and ham, dairy products, fish, cheese, raw vegetables, stewed fruit and French fries (in descending order of PCA loadings), and was labelled 'Diversified'. Higher scores for this dietary pattern indicated greater adherence to a diversified diet. Noteworthy, 'Diversified' dietary pattern scores were inversely associated with household and child food insecurity (regression coefficient = À0.16 (95% CI: À0.22, À0.10), P < 10 À3 and À0.38 (95% CI: À0.56, À0.20), P < 10 À3 , respectively).
Prevalence and associated factors with MSA Factors associated with MSA in children aged 0.
5-5 years
Among the variables included into the multivariate analysis (i.e. age, mother's birth place, mother duration of homelessness, household income, having cooking facilities in their bedroom, child food insecurity and mother having MSA), four variables remained significantly positively associated with MSA: household income, having no cooking facilities in their bedroom, child food insecurity and mother having MSA (table 3) . The MSA prevalence increased with the household income. Children living in an accommodation with no facilities to cook in their bedroom were 1.6 times more likely to have MSA. Children with low and very low food security were, respectively, 1.8 and 2.6 times more likely to have MSA than children who were food secure. Children whose mother had MSA had an MSA prevalence 1.8 times higher than their counterparts.
Factors associated with MSA in children aged 6-12 years
The variables included in the multivariate analysis were age, mother's birth place, mother's difficulties speaking and understanding French, type of accommodation, household food insecurity and mother having MSA. Then children's MSA prevalence was significantly higher when mothers suffered from MSA (prevalence ratio = 1.7) and when households experienced food insecurity (table 3) . The prevalence of MSA was 3.3 times higher in children aged 11-12 years than in those aged 6-10 years.
Discussion
The ENFAMS survey is the first to describe the living conditions and health of homeless families in France. 13 Our results provide original insights into the alarming prevalence of anaemia in this vulnerable population. These homeless families suffered considerably from food insecurity, as compared to the general population in the Paris metropolitan area in 2010 (6.3%), 34 86.7% of the households and 72.7% of the children experiencing it.
Overall vulnerability of our population may partly explain the factors associated with children having MSA, including living in an accommodation with no facilities to cook, mother having MSA, child and household food insecurity. Our findings suggest that food insecurity is the main factor associated with moderate-to-severe anaemia of the child. Even if our cross-sectional design did not allow causal inference regarding anaemia, our results are consistent with other studies that have suggested that food insecurity could affect nutritional quality of the diet. 7, 35 As expected, we did find an inverse link between food insecurity and the adherence to a diversified diet. Previous studies have shown that household food insecurity or food insufficiency is associated with suboptimal nutrient intakes, especially in women 6, [35] [36] [37] and that foods and nutrients are not allocated in proportion to individual family members' needs. 38 Poor women typically report that they deprive themselves of food in order to leave more for their children during periods of severe food shortages. Child MSA is associated with Figure 1 Estimated distribution of haemoglobin (g/dl) in homeless women and children (stratified according to age group and sex) in the Paris region, France, 2013 mothers having MSA, and anaemia is partially a result of dietary deficiency. Accordingly, our results are also consistent with those of McIntyre et al. who showed that low-income single mothers may compromise their own nutritional intake (as possibly indicated in our findings by their anaemia status) in order to preserve sufficient dietary intake for their child. 39 Child food insecurity may therefore be considered as an indicator for more severe household food insecurity, given that adults might compromise their own food intake to minimize its effects on children. This assumption partly explains why only household food insecurity was found to be associated with MSA in children aged 6-12 years, whereas the association between child food insecurity and MSA among children of this age was not found to be significant. Moreover, the association between child food insecurity and MSA in children aged 0.5-5 years suggests that mothers might not be able to protect the latter as effectively as their older counterparts. Indeed, children this age have a different diet than adults, and baby food is likely to be too expensive. This assumption appears to partly be supported by a high proportion of children aged 0.5-5 years who were breastfed longer than 6 months (61.3%). Whereas this proportion is probably underestimated because of a right censored effect on breastfeeding, it remains much higher than among the general population (19.2%) . 40 This behaviour could be linked to mother's attempt to compensate the lack of food. However, as mothers are anaemic, their breast-milk may be ironless and put children at risk for anaemia.
The assumption that anaemia may partly be due to nutritional factors (e.g. iron, vitamins A, B2-riboflavin, B9-acid folic, B12, and C, protein, copper and other mineral) seems to be supported by the association between the MSA in young children and the provision of cooking facilities in the bedroom. This association was not observed in the 6-12-year-old children, which might be partly explained by their attendance to school canteen at lunch time, schooling being compulsory at this age.
Above a certain threshold of income, families must contribute to the cost of their accommodation. The financial participation grows with their household income implying budget trade-offs to the expense of food supply, 7 which could explain the positive association observed between 0.5 and 5 year-old children's MSA and the household income.
One limitation of the study is that dietary intakes in children aged 6-12 years were assessed based on a food questionnaire that did not contain all food types (especially non-core foods), limiting the ability of the food classification to cover the whole diet. The decision to restrict the number of food types was taken to reduce the time needed to complete the food-based survey. This limitation prevented us to identify unhealthy patterns and to test its association with anaemia. Thus, for our study, the indicator food insecurity, which retrospectively encompasses an individual's physical, social and financial dimensions during the previous 12 months, is likely to be a better proxy for social disadvantage and malnutrition than the 'diversified' dietary pattern which we measured cross-sectionally, and consequently proves more useful for identifying epidemiological associations. Further, some variables known to be risk factors for childhood anaemia, such as parasitic infection or inflammation, could not be measured and controlled in the multivariate analysis.
Despite these limitations, the ENFAMS survey is a unique source of information on nutritional health and anaemia related to social factors including food insecurity among homeless families. The questionnaire contained a wide range of variables on living conditions, including original factors specific to homelessness and social disadvantage such as child food insecurity, which is rarely studied in such population groups.
This study shows that sheltered homeless children and mothers display a high prevalence of anaemia, the latter being mainly associated with food insecurity. It provides original and important insights into this extremely disadvantaged population whose have been growing exponentially in France in recent years and highlights the need for: ensure better healthcare support to identify anaemia's origin and to treat it; improve availability and access to healthy foods, including iron-rich ones, by providing information about food aid organizations (localization, access conditions), organising food services in accommodation centres or establishing free distributions of 'packed meal' in social hostels; supplying dietary and cooking advice concerning food-aid products in order to encourage mothers to stock up on foods that they are not familiar with. Further research is also needed to evaluate the impact of such nutritional interventions on food insecurity, dietary intake and anaemia.
Supplementary data
Supplementary data are available at EURPUB online.
Background: In spite of many positive trends that have emerged in the health of young people, adolescents from more affluent groups continue to experience more favourable health outcomes. There are no groups that are more vulnerable than those who report very poor ('bottom-end') indicators of health behaviour. The present study investigated the role of socio-economic factors as potential determinants of bottom-end health behaviours pertaining to physical activity and diet. Methods: Our analysis incorporated health data for some 700 000 15-year-old adolescents in 34 countries. The data source was four cycles of the Health Behaviour in School-aged Children (HBSC) study (2001/2002, 2005/2006, 2009/2010 and 2013/2014) . As per UNICEF precedents, adolescents whose health behaviour scores were below the mean of the lower half of the distribution fell into the 'bottomend' on this indicator. Results: Adolescents from less affluent families were much more likely to report being in the bottom-end of the distribution of these health indicators. Large, persistent and widespread socio-economic gradients existed for physical activity and healthy eating, while the findings were mixed for unhealthy eating. Such socio-economic inequalities were largely stable or widened for physical activity and healthy eating, while inequalities in unhealthy eating narrowed. Conclusion: Although it is important to continue monitoring average levels of adolescent health, national and international policies need to pay attention to the concentration of poor health outcomes among adolescents from less affluent families and to redress social inequalities in adolescent health behaviour. 
